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» Ice clouds consist of non-spherical ice crystals with various shapes (i.e., habits) and sizes

» Accurate length (L) — width (W) relationships are important for determining single-scattering and
physical properties (e.g., fall velocities) of ice crystals

» Past L-W relationships derived from limited number of crystals observed over limited temperature
and humidity ranges

» L and W of columns and plates and individual branches of bullet rosettes obtained from high-
resolution ice crystal images recorded by a Cloud Particle Imager during 2006 Tropical Warm Pool » Statistical distribution of D’ (L’) of ice crystals strongly depends on T (Fig. 2).
International Cloud Experiment (TWP-ICE) in Tropics, 2008 Indirect and Semi-Direct Aerosol » Largest dimensions of ice crystals shown at ~ 100 % RH; (Fig. 3).
Campaign (ISDAC) in Arctic, and 2010 Small Particles in Cirrus (SPARTICUS) campaign in mid- 500 ¢ 3 500F 5eu1e o N B8R = 0653
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Fig.3. Same as Fig. 2, but as function of RH..
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2. METHODOLOGY & DATA

» lce crystals classified using Um and McFarquhar @) . A , e B | anaad | ; = g g A
L . B | RHi=73.l /‘{' ;‘: . g ,1 : --“:-_,‘....‘_-. . E /‘ o -, .
(2009) scheme; only well-defined columns, plates, A : Skt AN .t -
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> New software, "lce Crystal Ruler (IC-Ruler)”, f i
developed at University of Illlinois, determines porsen | N

RH;=73.8 T=-36.8 D’= 313.59

maximum dimension (D), length (L), and B i e , REC28E
of columns, plates, bullets and horizontally- AN el ) 4"
oriented columns (Fig. 1 and Tables 1, 2, 3) o/ J e & + RN
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Fig.1. Example CPl images of (a) bullet rosette, (b) columns, and (c) plates @ = /} | Q : ¥ ) oeRi< Bg e RreETerans ]  mmaEy
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during SPARTICUS. Projected maximum dimension (D’, red), width (W’ . . T=-42.0  60<RHi< 80 AT  60<RHi< 80 AT T  60<RHi< 80

, . _ ] T - * B - 30586 80<RHi< 100 80<RHi< 100 80<RHi< 100

yellow), and length (L’, green) indicated for first crystal in each panel. [, 1655  Dp-12223 T=277 0 18071 . B RH~1208 | 100<RHi<120 e | 100<RHi<120 2 OB 20

o ’ : idi ; ; .o RH=109.6  RH=1167  RH=884 120<RHi< 140 S - 120<RHi< 140 g ) d | 120<RHi< 140

Temp.era_ture (T, °C), D’ (um), and relative hslmldlty with respect to !ce (R_H,, /o)- | | | hyrprreter by eprerer - e eRbico00
also indicated. For columns upper three images are columns with orientations, whereas lower three are horizontally oriented with -

respect to imaging plane.
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Table 1. # of crystals of each habit analyzed from SPARTICUS, Table 2. Same as Table 1, but for TWP-ICE. NA denotes that
together with range of temperature and humidity. Total # of bullet corresponding data not available.

rosettes and # of bullets, as well as mean and standard deviation Number of samples o e S o A S

of # of branches per rosette also shown in bullet rosette column. RHi (%)

Column Bullet rosette 1000 1000
Column D' |um HCOL L' |um Bullet D’ m
Number of samples (HCOL) Plate (# of branch) 0 [um] [um] et D' [um]

Fig.4. W’ as function of D’ or L’ for columns (left column), horizontally oriented columns (middle column), and bullets (right column) as a
function of T (top row). Mean width for given size ranges of D’ or L’ shown as functions of T (middle row) and RH; (bottom row). Aspect
ratios of 1.0, 0.75, 0.5, and 0.25 are indicated with dashed lines in each panel.

3G VAR Column plate  Bullet rosette R NA 294 20 74
(HCOL) (# of branch) e e (80) (432, 5.8%1.1)

.56.0 - -18.8 17.8 - 1233 019  3g [ 0127 -81.5--455  NA 289 oq e

(168) (1071, 5.4%1.1) (64) (551, 6.6%1.3) » Relationship between L’ (D’) with W’ showed T dependence (top row in Fig. 4).

503 -.433 42.4 — 1484 048 4o 592 0120 -74.5 — .37.7 NA 299 g 372 » For given L’ or D’°, W’ increased with T (middle row in Fig. 4), whereas there was no clear

(166) (3489, 5.9+1.2) (54) (2488, 6.7%1.3)

436 318 282 90 dependence on RH. (bottom row in Fig. 4).

58.1--11.6 9.2-635 o 30 g0 oo 0202 -67.8--18.3  NA 75 " (550, 6.2¢1.3)

-47.8 - -31.5 85.1 - 127.6 214 14 >76 0206 -73.1 —-40.2 NA 271 439 0 30 3 # branch< 4 N= 2766

(45) (3495, 6'111 '3) (78) 300:_ 5<# branch< 6 'Nl=14343
133 51 394 [ 7<# branch< 8 “N= 8478

-60.4 - -12.4 53.6 - 181.7 (39) 10 (314, 6.2+1.1) 0210 -78.7 —-40.5 NA (46) 1049 0 - 9<t br0”0h<‘},.ﬂ Nf,:'1428

60.2- 26.8 47.8-1418 20 14 195 0212 -72.7 - -34.1 148 350 131

(38) (696, 6.6+1.1) (33) (720, 5.5+1.2)

58.5--20.9 63.6-141.1 >0 25 236 Total 1977 5588 751

(56) (1206, 5.1%1.1) (430) (4750, 6.3%1.3) -

54.2--38.0 19.9-199.7 /4 g 482 ¥

(92) (2825, 5.911.3) Table 3. Same as Table 2, but for ISDAC % consniti N ool . ' T

_ _ 164 216 0 400 600 0 200 600 800 0 g o
-51.6 — -21.7 58.6 — 139.3 (31) 31 (1387, 6.4+1.4) Number of samples Bullet D [um] Column D’ [um] Bullet D’ [um]

209 41 JUEVORS Column Bullet rosette Fig.5. Bullet D’ vs. W’ as a function of # Fig.6. Aspect rati D’ of | d (b) bull -39.15 < T < -18.30 °C
_ _ _ Plate g.5. Bulle VS. as a function o ig.6. Aspect ratios vs. D’ of (a) columns and (b) bullets at -39.15 < T < : at
I R (60) 1 (271, 6.6£1.0) (HCOL) (# of branch) of bullet branches. which all three campaigns made measurements.

-66.9 - -50.7 8.1 - 117.1 180 3 4 -39.4--1.0 68.7 - 133.2 743 84 43

(65) (22, 5.5%1.0) (272) (260, 5.8%1.0) » Aspect ratios of bullets increase as # of branches in bullet rosettes decrease (Fig. 5).

658 —-313 129 -137.8 239 15 104 38.3--14.0 69.2 -1351 °2° 59 21 > No clear dependence of aspect ratio on the geophysical location (Fig. 6).

(86) (595, 5.7+1.2) (91) (116, 5.5+0.8)

88 106 72 57
64.5- 96 16.1-1415 0 5 oo cdir 33.7--164 87.8-1154 15 9 (237 6.121.5)

-52.3 - -20.0 80.5 - 154.0 (15378) (64, 51;11_1) -33.5--8.5 53.8-110.8 (‘1123) 19 (1455?2;11_0) 4_ S U M MARY & F U TU RE WO RK

51.1--19.7 56.8 - 123.4 ; 36.0 - 4.0 67.8-137.5 o 279

(8) (21, 4.210.8) (175) (1361, 4.910.8) » Large data base on dimensions of ice crystals has been built.
50.6 - -28.9 81.9 - 145.4 (12348) (503, . 112) 36.3 - -16.5 37.6 - 133.0 (‘1122) 351, > +09) > All measured dimensions of ice crystals increase with T (Fig. 2).
4045 3125 2678 761 » Weak dependence of dimensions on RH; shown, with largest dimensions found at ~100% RH, (Fig. 3).
(1052) (18495, 5.911.3) (827) (3770, 5.0+1.0) > Relationships between L’ (D’) and W’, (i.e., aspect ratios) depend heavily on T, but not RH, (Fig. 4).
» For given L’ or D’, W’increased with T (Fig. 4).
» For given D’, aspect ratios (W’/D’) of bullets increase with decrease of # of branches (Fig. 5).
RESULTS > No clear dependence of aspect ratio on geophysical location, but further analysis is required (Fig. 6).
» An iterative approach (Um and McFarquhar 2007) will be applied to take into account impacts of
- SPARTICUS o T | spaamcus | | ™ - SPaRTICUS N= 3097 particle orientations on measured dimensions.
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Fig.2. D’ (L) of ice crystals vs. Temperature. (a) columns, (b) horizontally oriented columns, (c) bullets, and (d) plates. Mean and standard This research was supported by DOE under grant number DE-FG02-09ER64770, DE-SC0001279, and DE-SC0008500. Data were obtained

deviations also shown. from the ARM program archive.
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